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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The proce

described i}
different ty
editorial ru

Attention i
patent righ
any patent |
on the ISO 1

Any trade 1
constitute g

1 the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed fo

les of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

drawn to the possibility that some of the elements of this document may/he the subje
s. ISO shall not be held responsible for identifying any or all such patentrights. Deta
ights identified during the development of the document will be in the Introduction an|
st of patent declarations received (see www.iso.org/patents).

ame used in this document is information given for the convehience of users and doe
n endorsement.

For an expllanation of the voluntary nature of standards, the.meaning of ISO specific terms

expressions
the World
WWW.iS0.01]

related to conformity assessment, as well as imformation about ISO's adherend
Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT),
/iso/foreword.html.

This docum
and lubrica
Standardiz4
products of]
cooperation

Alist of all §

Any feedba
complete lig

ent was prepared by Technical CommitteelSO/TC 28, Petroleum and related products, |
nts from natural or synthetic sources, in, collaboration with the European Committe
ition (CEN) Technical Committee CEN/TC 19, Gaseous and liquid fuels, lubricants and re
petroleum, synthetic and biological ©rigin, in accordance with the Agreement on tech
between ISO and CEN (Vienna Agréement).

parts in the ISO 4259 series«can be found on the ISO website.

'k or questions on this dogument should be directed to the user’s national standards bo
ting of these bodies €an'be found at www.iso.org/members.html.

are
- the

pes of ISO documents should be noted. This document was drafted in accordanee with the

ct of
Is of
d/or

b not

and
e to
see

fuels
p for
ated
nical

© IS0 2021 - All rights reserved


https://www.iso.org/directives-and-policies.html
https://www.iso.org/iso-standards-and-patents.html
https://www.iso.org/foreword-supplementary-information.html
https://www.iso.org/members.html
https://standardsiso.com/api/?name=bacc522f85f39c40753be38f57472bf0

ISO 4259-

Introduction

4:2021(E)

In the current global business environment, measurement data ‘trustworthiness’ is a key business
driver and an implicit expectation from customers and regulatory entities. Data trustworthiness
means the data quality meets expectations and is ‘fit-for-use’. Trustworthy data can only be produced
by measurement systems that are demonstrated to be stable and are under common cause variation

only.

This document describes the applications of specific statistical control charts selected from those that
are widely used by the manufacturing sector for the purpose of monitoring and demonstrating the

trus

In IS0 4259-219], the requirement for assessment of product quality conformance to speeifica

inte

in tgrms of precision and bias, to be substantiated by in-house statistical quality control (

oro
test
toe
mot

worthy data.

preted that each laboratory’s test result is obtained from a test method thatisin-statist

her equivalent statistical techniques. While in-house techniques are used.by many labd
ethod quality assurance, standardization on how to establish in-statistical-control i
sure consistency in application of ISO 4259-2[2]. Addressing the @fprementioned nece
vation of this document, which is based on ASTM D629911,

to produce

tion, is to be
ical-control
5QC) charts
ratories for
5 necessary
bssity is the
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Petroleum and related products — Precision of
measurement methods and results —

Part 4:

Use of statistical control charts to validate 'in-statist
co : i

in @ single laboratory

ical-

athod

This|document specifies the process and methodology for the construction, dperation, and mpaintenance

of statistical control charts to assess if a laboratory's execution ofZa~standard test mg
statistical-control and how to establish and validate the 'in-statistical-control’ status.

[t specifies control charts that are most appropriate for ISO/TC28 test methods where th
common cause variation is associated with the long term, multiple operator conditions.

charts specified for determination of in-statistical-control-are: individual (1), moving range
and |either the exponentially weighted moving average*(EWMA) or zone-based run ruleg
Western Electric (WE) run rules[3]] as sensitivity enhaficement strategy to support the I-ch

The [procedures in this document have been primarily designed for numerical results obf
testing of control samples prepared from a homggenous source of petroleum and related p
er that preserves the homogeneity of properties of interest between control sample
method permits, a certified reference material (CRM) sample is used as a control sample p
sam

dong then the laboratory best establishes its own mean for the CRM sample.

This
data
can

for s

document is applicable to properties of interest that are (known to be) stable over ti
sets with sufficient resolution to support validation of the assumption that the data
be approximately represented by the normal (Gaussian) model. Mitigating strategies ar
ituations where the-assumption cannot be validated.

2

The
requ
refel

Normative references

following documents are referred to in the text in such a way that some of their cont
irements of this document. For dated references, only the edition cited applies. H
ences, the latest edition of the referenced document (including any amendments) appli

rthod is in-

e dominant
The control
of 2 (MR,),
[similar to
art.

ained from
roducts in a
. If the test
rovided the

ble composition is representative ofthe material being tested and is not a pure compound; if this is

me, and for
Hlistribution
e suggested

ent support
or undated
eS.

ISO 4259-1:2017, Petroleum and related products — Precision of measurement methods an
Part 1: Determination of precision data in relation to methods of test

3 Terms, definitions, symbols and abbreviated terms

d results —

For the purposes of this document, the terms and definitions given in ISO 4259-1 and the following

apply.

[SO and IEC maintain terminology databases for use in standardization at the following addresses:

— ISO Online browsing platform: available at https://www.iso.org/obp

IEC Electropedia: available at https://www.electropedia.org/

© IS0 2021 - All rights reserved
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3.1 Specific terms and definitions

3.11

common cause
factors that contribute to common cause variation (3.1.2)

Note 1 to entry: See Figure 1 for illustration.

3.1.2

common cause variation

variation amongst results collected under szte preczsmn condltlons (3.1.4) from repeated execution of

a test methp
are intentig

3.1.3

in-statistigal-control
situation wherein the test results produced by the user on control samples are reasenably consij
with expectation over time with common cause variation scattered around a stable expected centr

3.14

site precisijon conditions

conditions inder which single test results are obtained in time interyal§, separated by at least 8
the testing
on test spedimens taken at random from the same material over the normal daily operating envelo

3.1.5

quality control sample
QC sample
specimen tpken from a stable and homogeneous matérial with composition and properties siri
ormally tested by the laboratory, prepared in a manner that preserves the homogeneity
of property] of interest between test specimens, stored in a manner that preserves the propertie
interest ovdr time, and available in sufficient quantity for repeated long-term testing

to sample T

3.2 Symbols and abbreviated terms

bopulation in a single laboratory executing the same test method using the same appar

AD Anderson Darling

ARV [assigned reference value

CRM ||certified referenc€material

EWMA ||exponentially weighted moving average

GESD ||generalized extreme studentized deviation

MR, ||moving rarnge of two

MRknown ||moving range average associated with s ;.0

PT Iprnfir‘ipnrv testing

QC quality control

g-q quantile-quantile, term used to describe the plot type comparing the z-score of a data point with is
numerical value

Sknown® statistically pooled standard deviation obtained using final achieved standard deviations from a

to be not statistically significantly different using the appropriate clause(s) in stage 1

Sknown*

a2 The range spanned by the final achieved control chart averages are referred to as the working range associated with
See conceptillustrated in Table 1.

© IS0 2021 - All rights reserved
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Table 1 — Statistically pooled standard deviation concept

4:2021(E)

Material Property (unit) Sknown df Working range MRknown
summer gasoline vapour pressure (kpa) 0,55 60 49,85 to 50,68 0,62
winter gasoline vapour pressure (kpa) 0,83 85 104,67 to 105,91 0,93

4 Statistical control in the execution of a standard test method by a laboratory

4.1

General

The
of a
knoy
hori
caus
vari

Comjmon causes for variation can be grouped into 5 categories (environment, operator,

prog
vari
yielc

S4

multiple times

execution of a standard test method by a laboratory is in this document considered as tH
series of inter-connected work processes. Each work process is subject to vatiatior
vn, unknown, or sometimes unknowable causes that are inherent to a process ove
von such that every outcome of the process is affected. These causes are referred to
es. The effect on the final process outcome due to common causes are referred to as coq
htion.

edure and reagent material) using a technique known as a fishbéne diagram. Due to cox
htion, repeated execution of the same test method on the same-material over a long-tj
s results that are not numerically identical. This effect is illustrated in Figure 1.

differences betwe

me sample in,
P Labaratery => a collection of

interd{connected work processes

46,5,50,1, 43,9, 45

e execution
| caused by
r long time
as common
hmon cause

equipment,
nmon cause
me horizon

bn outputs

due to common causes

3.

Fig

v

specific to a test method

~
=
o g
S 2
> $
S
o) A
& S
S Qs%
] K

ure 1 = Fishbone diagram representation of common cause variation in the exed
test method

>

ution of a

The complete process associated with the execution of the specific test method is said to be 'in-
statistical-control' if the process outcomes (test results) from repeated analysis of QC samples prepared
from the same material are reasonably consistent with expectation over time, with random variation
scattered around a stable centre due to common causes only.

To determine 'in-statistical-control’, a multi-step and integrated work process involving use of

stati

NOTE

stical control charts and a QC sample is required.

throughout the rest of this document.

© IS0 2021 - All rights reserved

For simplicity, the word 'statistical' will be omitted and the term referred to as 'control charts'


https://standardsiso.com/api/?name=bacc522f85f39c40753be38f57472bf0

ISO 4259-4:2021(E)

4.2 Control chart description

4.2.1 General

Control charts appropriate for most petroleum industry test methods that yield numeric results are the

individual (
NOTE 1

NOTE 2
document.

I) chart, and the moving range of 2 (MR,) chart.

The I-chart is also known as the X-chart, or the Shewhart chart [2].

For simplicity, the MR, chart is referred to as the moving range (MR) chart throughout the rest of this

422 1I-a
The I-chart
conditions,
that requirg
limits (LCL
time.

NOTE S
under site [
conditions (s
interest is ng

The MR-ch:
[-chart, plot
action, herd
chartiston

The decisio
in 4.2.3 are

process thaft is in-statistical-control, using the(Normal distribution (I-chart) and W distribution

chart) as th
process out

4.2.3 I-ck
As a direct
exceedance
changes in
enhanceme

hd MR-charts

is a graphic display of individual QC sample test results (X) collected under site prec

e action if exceeded. These limits are herein referred to as I-chart lower-and upper col
| X, UCL_X). The primary purpose of the I-chart is to monitor process centre stability

nce the primary interest is to monitor the stability and common cause variation of the test pr
recision conditions over a long time horizon, replicate analysis“obtained under repeata
ee SO 4259-1) does not contribute towards this objective, as theé variation due to common caus
t contained in replicate results collected under repeatability €onditions.

irt is the successive difference (with no arithmetiésign) of two individual results iy
ted in chronological order, also overlaid with a_céntre line and an upper decision limi
in referred to as MR-chart upper control limit (UCL_MR). The primary purpose of the
honitor common cause variation stability between successive QC sample results over ti

n limits for action for both charts as well-as the conditions requiring action for the stratq
based on a very low theoretical probability (<0,3 %) of “action required” decision

e reference statistical models. Heice, these limits represent the expectation limits fo
come if it is in-statistical-control.

jart sensitivity enhancement strategy

consequence of sétting the action limits for the I-chart based on a low probabilif
for a process thdtdis in-statistical-control, these limits are not sensitive to detection of s
the process cénfre. It is therefore necessary to support I-chart with additional sensit
ht strategiesto overcome this shortcoming.

This docu

a) Strateg

present Eordefinitions of zones see 4.3 2-

ent requires use of one of the following strategies in conjunction with the I-chart:

1: Zone-based run rules. Action is required if any of the following run rule conditio

sion

plotted in chronological order, overlaid with a centre line, lower and uppetdecision limits

ntrol
over

cess
hility
es of

the
t for
MR-
me.

gies
for a
MR-
" the

y of
imall
[vity

ns is

— fou

two out of three consecutive individual results in Zone A on one side of the centre line;

r out of five consecutive individual results beyond Zone C on one side of the centre line;

— nine consecutive individual results on the same side of the centre line (above or below);

or,

b) Strategy 2: Exponentially weighted moving average (EWMA). Action is required if either one of the
following conditions occur:

— any exceedance of the EWMA action limits;

— nine consecutive individual results on the same side of the centre line (above or below).

© IS0 2021 - All rights reserved
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The EWMA is a ‘time-weighted moving average’ calculated using all data points up to the most current
one, the weighting of each datum reduced with age exponentially. The rate of this weight decay is
controlled by A. It is re-calculated with the arrival of each new datum and is judged against its own
action limits (herein referred to as the EWMA-action limits). An EWMA with A = 0,4 has similar
detection power as Strategy 1[41.

Use of Strategy 2 is recommended due to the ease of implementation and lower expected false alarm
rate than Strategy 1.

4.2.4 In-statistical-control conditions

The |complete process associated with the execution of a test method is deemed to be,in-statistical-
contlrol if all of the following conditions are met:

a) pllindividual control sample results are within the I-chart action limits,

b) |ess than five out of 12 successive MR results exceed MR-chart upper contfol1imit, and

c) ho action required for the sensitivity enhancement chosen (Strategy .ot 2).

4.3 | Control chart work process

4.3.1 General

To determine if the complete process associated with the\execution of a test method is irf-statistical-

contjrol, a two-stage multi-step work process involving use of control charts and QC material is specified.

Stage 1 comprises visual and statistical assessment of initial test results for a new batch of
plotted in a chronological order (known as a ruwwchart). This is followed by construction o
and [MR-chart using these results by overlaying the mean and the action limits onto thg
charfts. The action limits represent the boundaries within which the current and future
and MR for this QC material are expected to lie, on the assumption that the process is in
control and the QC material remains-unichanged. The control charts (I and MR) constructe
are dleployed for Stage 2 if all in-statistical-control conditions (see 4.2.4) are met.

Stage 2 comprises of two magdes, operation and maintenance. Under 'operation’, future
(for [the QC material tested_in Stage 1) as they arrive in chronological order are compa
the established action lifnits and chosen enhancement strategy in Stage 1. Under 'maint
statistics used in the.coOmputation of the control chart action limits from Stage 1 are
peripdically using newly accrued in-statistical-control results and updated as appropriate.

For this practice,’the root-mean-square technique is used to compute the sample standar
statjstic, s.

4.3. Stage 1 of control chart work process

QC material
Fthe I-chart
respective
test results
-statistical-
d in Stage 1

test results
red against
bnance’, the
re-assessed

d deviation

The primary objective of Stage 1 is to establish initial means and action limits for the I, MR control
charts and implement the chosen enhancement strategy (see 4.2.3) for a specific batch of QC material
using chronologically obtained data and the normal distribution as the reference model. Figure 2 is a
flow chart of the 15-step process defined in this subclause. The main steps are:

1) Prepare multiple QC samples from a stable and homogeneous material with composition and
properties similar to samples normally tested by the laboratory.

2) Collect a minimum of 20 QC sample test results under site precision conditions.

3) Plot the individual results chronologically (this is called a run chart) and study the plot for any

visually discernible transcription errors. Correct or discard obvious transcription errors.

© IS0 2021 - All rights reserved
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4)

5)

6)

7)

8)

9)

Construct a quantile-quantile (g-q) plot (as shown in Annex A) and compute the Anderson-Darling
(AD) statistic. Examine this plot in conjunction with the data for variation sufficiency. Proper
application of the control charts in this document require at least 6 unique values to provide
sufficient observable common cause variation. Insufficient variation in the data set will manifest
into the following two outcomes:

a) g-qplotshows several distinct horizontal data clusters where each horizontal cluster represent
numerically identical data (see Clause 5),

b) AD value exceeds the 0,01 sig. level of 1,0 by a large margin.

Ifthe th-ql el A f i waliinciclaccthan o o d il b Clo o O fos giid o an
LAl TITUIIIoUC1l Ul Mlll\alu\/ vVAIUCL O 1O 1ICO0 LIIUIL JOI1I4A, yl A\PAVAA AV LTSSy \/\,Ll] LU UiIiduoLs J 1Vl 6u1uull\,\,.

Performh a formal statistical assessment for outliers using generalized extreme studentized
deviatipn (GESD) technique for outliers similar to ISO 4259-1 (or refer to ASTM D7915(51).| The
recommended maximum number of outliers for 20 to 25 observations is 3 at 0,01 significance.

Reject identified outliers, obtain replacement results and repeat from step 4).

While rjot always possible, it is recommended that rejection of outliers be justified by corresponding
root cafise(s).

Confirm the goodness-of-fit of the normal distribution using the Anderson-Darling (AD) statistic
compufed from at least 20 non-outlier results.

— IfADisless than 1,0, continue to step 7);
— if AD is between 1,0 and 1,5, proceed to Clause 5 for gtidance;

— if AD is greater than 1,5, do not proceed with thisdocument as this is strong statistical evidence
tth: either the system is not in-statistical-contrgl, or, the process results distribution is seve¢rely
non-normal.

Compufe the average (¥
results|from step 5).

1) and standard deviation (sg,.01) Statistics using the non-rejgcted

stage stage

Assess |if additional data from historic results for this test method can be used to improveg the
estimafe of s, this should be)done using an F-test at the 0,025 significance level with the
numerigally larger number in the numerator. The reproducibility statement function deternjines
how this should be done:

a) Foil methods with“@ constant published reproducibility: use the F-test assess if s
stafistically indistinguishable versus s, ;-

stagel 1S

b) Fo1 methodS'with a non-constant published reproducibility: calculate the reproducibility at

the X s,gc7devel and the reproducibility at the mean of the previous chart using X o

NOTE~Annex A shows a worked example including the F-test to pool the sigmas.

If the ratio of Reproducibility_X 4.1 / Reproducibility_x ., is between 0,85 and 1,15 then

use the F-test to assess if 5,41 is statistically indistinguishable versus s,qp-

If the F-Test to pool sg,0¢1 and sy, Passes, pool both standard deviations (follow the procedure
in Annex B). Assign the pooled standard deviation s, as the standard deviation s, to be used
to construct the limits in step 9).

If there is no prior information on s, ., , for this type of material, or, if the F-test fails then use s

stagel
ass for step 9).

chart

Create the I-Chart for this batch of QC samples by assigning X ;41 from step 7) as Xy, for this
step; then, overlaying the centre line represented by X .., and the two control limits represented

by X chart £ 3*Schart ONto the run chart in step 3). If the EWMA sensitivity enhancement strategy is

© IS0 2021 - All rights reserved
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used, construct and plot the EWMA line with its associated control limits placed at X
onto the run chart as well.

10) Label the zones in the I-chart as follows:

— Zone C: X .0t = 1'Spart (€XClusive)

char

— Zone B: X e + 1Scart (inclusive) to 2-s4,,,¢ (exclusive); X ¢ = 1Schart (inclusive)
(exclusive).

— Zone A: X qpare * 2'Schart (inclusive) to 35, (exclusive); X are = 2*Schart (iNClusive)
(exclusive)

char

«*1,5s

chart

to - 2'Schart

to - 3'Schart

11) LCompute the MR results using all non-rejected results from Step 5).

12) Compute the average using all MR results and designate this as MRstagel :

13) [f spo01 is used from step 8), use the weighted average MR,,.4 ceviputed from MRy, own

rorresponding to the sy, and MRstagel as the MR, to be used.to’construct the
step 14). Otherwise, use Mf"stagel as MR, for this batch of QC material.

14) LCreate the MR-chart by overlaying the lines represented by Mkchart and upper control

Mﬁchart onto a run chart plot of all the MR values computed'in step 11).

15) [f all of the in-statistical-control conditions (see 4.2.4) are met, proceed to Stage 2.
nvestigate and mitigate root causes for failure, then'répeat from step 1).

fechniques.

MR-chart in

imit at 3,27

Otherwise,

NOTE See Annex A and B for a detailed illustration of Stage 1 steps 3) to 15) and relat¢d statistical

© IS0 2021 - All rights reserved
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Step 1

Prepare QC material

Step 2 ‘
Collect initial data
points (min 20)

Step 3

Plot data in run
chart; reject
transcription errors|

Step 4

Construct q-q plot
and calculate AD

Get more
data to
have
minimum
20 points

Step 5
Perform GESD test
and reject outliers

outlier
results
Y
Step 6 es
Re-compute AD
statistic after GESD

AD statistic
<1,0?
Yes

Step 7
Compute Xstage1
and Sstage1

Step 8
istoric data
available?
Yes
Constant Ryyp?
Yes

F-Test between
Sstagel and Sknown

No

No

Follow Clause 5

Yes

DO NOT PROCEED
Strong evidence system not
in statistical control or
system is severely non-
normal

AD statistic
<152

Step 9

Construct [ chart
using Xchart and Schart

use Xchart = Xstagel
and Schart = Sstagel

Is
No WMA
Rlstt}eﬁ;éll{]l};(gn;lvlva> > enhancement No

strategy?

Construct and
overlay EWMA line

Label zones

Pass F-Test?

Pool sigma (Spgol).

A,BandC

Compute MR results
using step 5 data

use Xchart = Xstagel

for better Scfarf

and Schart = Spool

Step 12 * __
Compute MRstage1
using all MR results

Step 13

Pooled sigma
step 82

Yes

o J— J—
Set MRchart = MRstagel

Compute MRy and
set as MR part

Step 14
Create MR chart
and apply limit
Charts have out of
control failures Step 15

Charts are
in control

End set-up, enter
stage 2 operation

Figure 2 — Flow chart of Stage 1 of control chart work process
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Stage 2 of control chart work process

4.3.3.1 Operation

In the operation mode, the primary objective is to detect abnormal events by:

— the immediate evaluation of a new QC sample result and its corresponding MR result against the

action limits of the I-chart and MR-chart respectively;

— theimmediate evaluation of whether any actionis required from the chosen sensitivity enhancement

The
'acti

Strategy (1 or 2).

bn required’ outcome from enhancement Strategy 1 or 2, are listed below:

Violation of I-chart limit: single result at or outside X 4, * 3 Schart

the centre line by an amount that is not plausible due to common.-causes.

— Immediate response: re-analyse a new QC sample to confirm unique event.

control. However, ensure this event is duly recorded.

— For the purpose of Stage 2 Annex B.<Maintenance:

— If violation still persist, declare the test process is ouof statistical control. The
should be taken out of service until the problem is)investigated and resolved.

If the system is declared out of statistical control, exclude both the initial and re-an:

If out of statistical contrelisnhot confirmed, exclude the initial out of control re
only the re-analysis result’if the initial out of control result exceeds the contro
amount > 0,25 5.,
the original or the tetest result. This is for the purpose of minimising the rejection
data. Otherwisej.exclude the re-analysis result and use only the initial out of co

«and there is no MR upper control limit exceedance associate

interpretation and immediate response associated with violation of the chart aetiop limits, or,

— Interpretation: a unique, sudden, event has occurred that caused theftest result to deviate from

fest process

— Ifre-analysis result is back in zones C or B as:specified above [see 4.3.2 step 10]], the out of
statistical control situation is not confirmed. Do not declare the process out df statistical

lysis result.

tult and use
limit by an
with either

flegitimate
trol result.

In the case .dPredefining control limits, care shall be taken to ensure that initial points that
exceedthecontrol limitby < 0,25 s, .. be included in the performance re-evaluation and the
re-apalysis points rejected. This approach ensures that true system performance s evaluated
andnot just points that were within limits leading to ever decreasing sigma values with no

identification of system deterioration.

Violation of MR-chart upper limit: single MR outside its upper action limit:

— Interpretation: an unusua darge dirference nas occurre etween

€ current result and the

previous result; this event is usually (but not necessarily) associated with an I-chart violation;

— Immediate response: re-run a new QC sample if this is not associated with an I-chart violation.

Investigate for possible causes of large step change:

— If it is determined that this is not due to QC sample integrity, or, if this is not caused by

an I-chart violation, due to the higher false alarm rate of this statistic, 5 or more of this
event over the past 12 is reasonable statistical evidence that the variation (precision) of
the process has deteriorated. Perform an on-demand precision (variance) comparison
using the F-test (similar to precision comparison in maintenance mode and illustrated in
Annex B) between the most recent 20 in-statistical-control results versus the current chart
variance (S0

©1S0 2021 - All rights reserved 9
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"Action required” from I-chart sensitivity enhancement strategies (either 1 or 2)

Interpretation: it is highly possible that the current process centre has moved away from the
expected average (X ., established from stage 1.

Immediate response: confirm if this violation is instrument or QC sample related by testing
CRM'’s or stable retains of PT or previously tested production samples that are known to have
been properly stored in a manner that preserves the property of interest during storage.
Compare the result obtained to the value expected. For certified reference materials (CRM) or
proficiency testing (PT) samples, use the assigned reference value (ARV) as the value expected.
For retain of previously tested production sample, use the previous test result.

If the difference between the test result obtained and the value expected is greater than
1,5:Shart for CRM or PT retain, or greater than 2-s.,,.. for previously tested predug¢tion
sample, conclude that this “action required” signal is likely not due to QC samplesintegrity.
Declare the test process is out of statistical control. The test process should b€ taken out of
service until the problem is investigated and resolved. CRM/PT with ARV~within working

range of s, is preferred but not mandatory.

M or
that
atch

If the difference between the test result obtained versus the value‘expected for CR
PT retain is < 1,55, OF < 2:5.p,4,¢ fOr previously tested production sample, conclude
the QC sample integrity is suspect. Switch to a new QC supplyper 4.4 on QC material b
change.

4.3.3.2 Maintenance

4.3.3.2.1 |General

sed
1 in-

In the main
for I-chart
statistical-d

tenance mode, the primary objective is to Feduce the uncertainties of the statistics
barameters (centre, control limits) through periodic statistical assessment of accrue
ontrol data. Two scenarios are described’in 4.3.3.2.2 and 4.3.3.2.3.

4.3.3.2.2

A minimum
limits has 4

Scenario 1

hart
) for

of 20 new in-statistical-control QC results that are not used to compute the control
een accrued while the control chart is in Operation mode (i.e.: an active control chart

the same bgtch of control sample.

Under this s
of QC mate
unchanged,
of the sam¢ target population of data. Therefore, the control chart centre and control limits ma
recalculatedl and updated on a go-forward basis using more reliable statistics computed using a 1
data set frof

cenario, the currentcontrol chart is actively being populated by results from the same b
Fial. Conditionron-the assumption that both the test process and this QC material ref

atch

the 0,05 significance level:

First, perform the F-test of variance of new accrued in-statistical-control data versus the variance used
to compute the current control limits. If F-test is not significant, pool the variances, then perform the
t-test of the average (X ) of the new accrued data versus the current control chart centre (X 4.4
using the pooled standard deviation. If the t-test is not significant, re-compute X ., Schart a0d MR a1

using all in-control data. Update the control chart limits accordingly.

If either test is significant, investigate and take corrective actions as appropriate. Re-start the control
chart process afterwards. If it is determined that the root cause for the significant outcome for either

10 © IS0 2021 - All rights reserved
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or both tests is due to control sample integrity (changed or degraded over time), follow 4.4. Otherwise,
restart the control chart process from step 5) in 4.3.2 using the new accrued data.

NOTE Based on statistical theory, if the testing process remains in-statistical-control, the control chart
remains in control. However, the reverse isn't always true. That is because statistics from which action limits for
control charts are calculated do not have sufficient power to detect small magnitude of sustained mean shift or
precision change. Re-computation and update of the current active control chart limits is justified if both F and
t-test with additional data are not significant.

Follow the procedure in Annex B on how to perform appropriate F and ¢ tests.

4 3 2.7 C 3 s ]
[To PN FY~TTe ) JCCITIATITU 4

When it is necessary to archive the current control chart, this can be done by carryingout'the following
actiyities that require s, ,,wn - Sknown aNd MRy, own to be well defined from > 50, df}so that a revised

valup for sy, ., Can be calculated:

1) Mssign the currentX g, v Schart MRchart » total number of retained chartiesults (n) as figal achieved
Chart average X ,.eveqr Standard deviation s,.pieveqr aNd  MR)chievedr Machievelr and df
B achieved = (Machieveq — 1) for the specific batch of QC material beforé\archiving the contrdl chart.

2)  [fSqqpe for this archived control chart when it is initially deployed [see 4.3.2, step 8)] is pbtained by
pooling with an existing s, ,,vn, cOntinue with the following/actions in 2 a) and b). Oth¢rwise go to
step 3).

1) Update the current sy, MRimown bY replacing them with s MR

achieved’ achieved ’

p) increase the df_s, .y DY adding df s, ieved tO the previously existing df_ sy, own-

3) [fSpar for this archived control chart whenit is initially deployed [see 4.3.2, step 8)] is ot obtained
by pooling with an existing Sy, 3SSI8D S, hieveq @S the s own for the QC material assdciated with
the archived control chart. Assign Xk icveq aNd dfS,chieveq t0 the working range and df for this

known*

4.4 | QC material batch change transition

4.4.1 General

Sincg control limit calculations for the I-chart require a centre value established by a minimum of 20
in-stjatistical-control)results, and, a new batch of QC material with exactly the same property as the
current batch is génerally not available, especially if the material is taken from different mapufacturing
production runs, a special transition procedure is necessary to ensure control chart cov¢rage of the
testing proeess remain uninterrupted while the centre value for a new batch of QC material is being
estaplished:

ielsrhelauca neaccoribac thenn oo diiene Anyana afthoca nyrocn durac noaayg boucad o h
Thislstabelasepreseribes-three procedures—Anyone-of-these preceduresmaybe-used+te-address the
transition to a new QC batch.

Procedures 2 and 3 become active upon arrival of the second result. The first result shall be
independently validated by either a single overlap from the previous control chart per Procedure 1, or,

a CRM test result that is within the reference value + 1,5 s where s is the current sy, ,,,,- The CRM shall
have a reference value that is within the working range of the s, .n-

NOTE See Annex A for details on Procedures 2 and 3.
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4.4.2 Procedure 1, concurrent testing

4.4.2.1 Collect and prepare a new batch of QC samples. While this step may be performed at any
time, it shall be completed when the current QC material supply remaining can support no more than
20 analyses.

4.4.2.2 Each time a current QC sample is tested, if the result (current QC sample) is in-statistical-
control, immediately test and record a result for the new material. The result for the new material is
validated as fit-for-use based on the result from the current QC sample is in-statistical-control.

4.4.2.3 Af
complete st}

4.4.3 Prao

The Q-char

Case Il is ex

testing hist

To use the ()
in the Q-staltistic described in Reference [6].

The Q, stat
u=0ando

The Q, stat
chart with f

After a min

4.4.4 Pra

This is esse
with the an
computed f

If the new 1
calculation
for the chan
the numben
not change
towards thg

The system|

ter a minimum of 20 validated results for the new batch in 4.4.2.2 becomes avail
eps 7) to 15) in 4.3.2.

cedure 2, Q-chart
described uses Case II of Reference [6] where u is unknown and o = o,,,

actly the situation for transitioning to a new QC material with s, .4 established ove
bry of similar material (Stage 2 - control chart maintenance), buf the’x ., is unknown.

-chart for transition, s;,,,, With an associated df s, ,.,, of@t l€ast 70 should be used

stic, calculated as each new result arrives, is the standard normal deviate variable Z,
= 1.

jstic has no associated measurement units and-can be plotted on a standardised col
ixed, forward looking control limits computedusingX =0 and s=1

mum of 20 in-control Q,, complete steps7) to 15) in 4.3.2.

cedure 3, dynamically updated.I:chart with EWMA

htially an [-chart and EWMA«(Strategy 2) with varying control chart limits that are upd
rival of each new result. /Fhe in-statistical-status of the new result is judged using li
rom all previous results.

esult is in control,cthe’control limits are updated by incorporating the new result intc
for the control limits, to be used to judge the next result. This dynamic update is to acc

of results used for its computation increases. sy, .., used to position the control limits
it is only“the numerical value for X and the contribution of its associated standard ¢
position of the control limits that are changing.

is.declared i 1n control if the followmg condltlons are met 1) the new QC result is 1n51d

able,

with

htrol

ated

Imits

the
punt

ge in the standard error associated with the centre line (X ), which is steadily decreasing as

does
rror

b the

control lim

11 11
o LUllllJuLCu Ubllls dall lJl CVlUuD I CDUILD, LJ IICTVW 1 CDUIL auu all lJl CVlUuD I CDUILD al'T lllblu

updated control limits after 1) is met.

the

If any result and/or EWMA are outside its respective limits, the current system status is declared
to be out of statistical control. While this approach can facilitate plotting the results in its actual

measureme

For this pro

12

nt units, the chart interpretation is non-intuitive and can be confusing.

cedure, the control limits for the EWMA is invoked beginning with the 6th in control x.
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5 Guidance for insufficient variation or non-normal data

5.1 General requirement

The control charts described in 4.2 require data with sufficient resolution to permit variation to be
observable in a statistically meaningful manner, and, (data) can be reasonably represented by the
Normal distribution.

Statistically meaningful variation implies that the total number of unique values in the data set should
be sufficiently large (26).

Datd set with < 6 unique values are considered to be data with insufficient resolution by thi$ document.

Datd set with AD > 1,0 are considered to be non-normal data by this document.
5.2 | How to deal with insufficient variation or non-normal data

5.2.1 Insufficient variation

For test methods with rounding instructions, the requirement in 5.3 (more than six unique values)
may[not be met, which means the data lacks sufficient resolution(to provide statistically [meaningful
varigition for the application of control charts as described in 42Some examples are cloud,|pour point,
and digital density data. Manual cloud results, for example,are’rounded to the nearest whole number
(i-e. ho decimals). The insufficient resolution problem is visually obvious by looking at thg g-q plot as
it will have a few horizontal lines or clusters of data that.are numerically identical. See Fighre 3 for an
example.

Y
-3 -2 -1 0 1 2 3 X

N
w
o

14
14
N
o

Key

X Zscore of results sorted smallest to largest Y numerical value of results corresponding to each z-score
Figure 3 — Example of data clusters

For the purpose of applying the control charts in 4.2, the first and preferred approach is to increase data
resolution by obtaining an additional decimal in the results. It should be noted that because results are
used for internal QA control charting purposes, this should not be considered as a deviation from test
method reporting requirements since these results are not reported to external customers.
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If obtaining an additional decimal is not possible, or, does not provide sufficient unique values in the
data set, this document recommends using the minimum and maximum value in the data set as action
limits to be placed on the run chartin step 3).

IMPORTANT — Using the minimum and maximum is a special case of using the 1st and 99th
p-tile in data set to set action limits since for a small data set (<100), these p-tiles default to
the minimum and maximum value in the data set. There is no safeguard against outliers using
this approach. Therefore, judgement is required to ensure these limits are reasonable; however,
approaches such as median absolute deviation (MAD) may be used to identify potential outlier
values.

A run chartfwithraction Hmits as described above 15 ot considered to be a controi cnartas specifigd by
this document and should not be labelled as such.

5.2.2 Nom-normal data

For the sityation where the total number of unique values in the data set is 2 6, and)1,0 < AD 4 1,5,
a statistica] professional that is familiar with the test method metrology principle“and the business
applicationrequirement for the test method should be consulted.

If the run dhart in 4.3.2 does not show any discernible trend (upwards or*downwards) over time, or,
does not sHow a distinct break from one level to another at a specific, location in the chronological
sequence, the minimum and maximum value approach described aboveymay be useful in some casgs.

Per 4.3.2 stgp 6), this document does not address data set with =6.unique values and AD > 1,5, as this
is strong sthtistical evidence that either the system is not in-statistical-control, or, the process results
distribution is severely non-normal.

14 © IS0 2021 - All rights reserved


https://standardsiso.com/api/?name=bacc522f85f39c40753be38f57472bf0

A1l

Annex A
(informative)

ISO 4259-4:2021(E)

Details of the control chart work process

Stage 1 (see 4.3.2)

This

Step
for 4
disc

Table A.1 — Run chart data

annex details and gives examples for steps 3) to 15) of the Stage 1 as presented in.413.7.

3) reads: “Plot the individual results chronologically (this is called a run chant) and stpdy the plot
ny visually discernible transcription errors. Obvious transcription errorsshould be dorrected or
hrded”. The data used for the example are given in Table A.1 and plotted in‘Bigure A.1.

; X
mg/kg
1 6,7
2 7,0
3 6,9
4 6,6
5 6,8
6 7,1
7 8,1
8 7,5
9 6,8
10 7,7
11 6,4
12 7,2
13 6,8
14 6,0
15 7,7
16 7,2
17 6,9
18 6,8
10 4
20 7,9
iis the chronologically ordered number for the observation.
Xis asingle result from testing a QC sample.

© IS0 2021 - All rights reserved
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7,5

/

6,5

\.\/

/\

55

Key
X

Step 4) re
statistic”. O
Table A.1 (s

4a) Ordert

4b) Create
lowest

4c) Calcula

4d) Obtain
o=1)1
functio

numben

"6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

of observations in sequential order Y  nuineérical value of observation results

Figure A.1 — Run chart from Table A.T'results of first 20 observations

hds “Construct a quantile-quantile’;{q-q) plot and compute the Anderson-Darling
tlined below is the procedure for creating a q-q plot using the data from the run chart
ee also Reference [7]). See step 6) for AD computation procedure.

he data from smallest tolargest (n = total number of observations = 20).

yalue assigned i =-1"and the highest assigned i = 20.
ke fi=(i-

from the eumulative distribution version of a standard normal distribution table (u
he valueof z; for each f;. An easier approach is to use the spreadsheet function NORM
h tolcempute the z; values as shown in Table A.2.

0,5)/nfor each observation.

a4

(AD)
as in

hn index i next to thé ordered data where i will take on values from 1 through 20, with the

=0,

SINV

4e) Plot each

3= rad dot 1 -l H H NP 1 Li A -kl
T OTOCT e Ot v aTuC O CIIC Ty - dATS dgdIISTItS-Z varac obtaticath —ruJ oh—TtrexX-axts

sing

ordinary linear graph paper or using computer programs. This creates the g-q plot (see Figure A.2).

Table A.2 — Computing of the z-values

Original data Ordered data Index i fi=(@{-0,5)/n z;=NORMSINV(f)
6,7 6,0 1 0,025 -1,960
7,0 6,4 2 0,075 -1,440
6,9 6,6 3 0,125 -1,150
6,6 6,7 4 0,175 -0,935
6,8 6,8 5 0,225 -0,755
71 6,8 6 0,275 -0,598

16
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Original data Ordered data Index i fi=(i-0,5)/n z;= NORMSINV(f)
8,1 6,8 7 0,325 -0,454
7,5 6,8 8 0,375 -0,319
6,8 6,9 9 0,425 -0,189
7,7 6,9 10 0,475 -0,063
6,4 7,0 11 0,525 0,063
7,2 7,1 12 0,575 0,189
6,8 7,2 13 6,625 6,31
6,0 7,2 14 0,675 0,454
7,7 7,4 15 0,725 0,598
7,2 7,5 16 0,775 0,755
6,9 7,7 17 0,825 0,935
6,8 7,7 18 0,875 1,150
7,4 79 19 0,925 1,440
79 8,1 20 0,975 1,960

Y
8,5
_®
8 - -
o -
3 /g/’//
55 o=
) _ P _
///{/0
- <
F 1o
=0 o
o 96 o
o -
o .-
= 6,5
: _ _ - - )
Faal 6
55
‘ ‘ ‘ 5 ‘ ‘
=2 -1,5 -1 -0,5 0 0,5 1 15 2 X
Key
X Zscore of results sorted smallest to largest Y numerical value of results corresponding to each

Z-Score
Figure A.2 — q-q plot of run chart data

Step 5) “Perform a formal statistical assessment for outliers using GESD technique for outliers
according to ISO 4259-1. The recommended maximum number of outliers for 20 to 25 observations is 3
at 0,01 significance.”

©1S0 2021 - All rights reserved 17


https://standardsiso.com/api/?name=bacc522f85f39c40753be38f57472bf0

ISO 4259-4:2021(E)

The procedure for GESD assessment of data from the run chart above is described below and illustrated

in Table A.3

5a) Setthe

. In addition to 4.3.2, see Reference [8]:

maximum number of outliers r = 3.

5b) Set current cycle indexi=1.

5c) Calculate the quantity T = |observation - X | / s for every member of the data set in the current
cycle, where: X and s are average and standard deviation computed using all members in the data
setin the current cycle respectively

5d) Identif

7 the observation with the largest T Designate this as T (ie: maximum T for t

e fth

cycle.)
5e) Removz
5f) Increas
5g) Repeat

5h) Upon ¢
backws
cycle (A
size is 4

5i) Identify
the T; |
and inc

hnrax

 the observation identified in 5d) from the data set.
e current cycle indexiby 1:ie.i=i+1
steps 5c) to 5f) using remaining data up to and including i =r =3

ompletion of 5g), beginning with T; .., maximum T value indast cycle, and wor
rds (T maxr T1 max), cOompare this maximum value versus the cgitical value for the spg
;) listed in Table A.4 corresponding to the size of the data set. For this example, the dat
0.

 the highest cycle for which T; ., exceeds its limit value: The observation associated
| for that cycle and all observations associated with<the T;
uding cycle 1 are considered to be outliers.

max

Table A.3 — Illustration of GESD assessment

king
cific
h set

with

's for all previous cycles yip to

average fof cycle = 7,08 7,13 7,08

std dev fo| cycle = 0,52 0,47 0,42

ordered ddta from

Table A.1 cycle 1 T cycle 2 T cycle 3 T
6,0 60 | 2007=T) pnux
6,4 6,4 129 6,4 1,56 6,4 1,62
6,6 6,6 091 6,6 1,13 6,6 1,14
6,7 657 0,72 6,7 0,92 6,7 0,90
6,8 6,8 0,53 6,8 0,71 6,8 0,66
6,8 6,8 0,53 6,8 0,71 6,8 0,66
6,8 6,8 0,53 6,8 0,71 6,8 0,66
6,8 6,8 0,53 6,8 0,71 6,8 0,66
6,9 6,9 0,34 6,9 0,49 6,9 0,43
6,9 6,9 0,34 6,9 0,49 6,9 0,43
7,0 7,0 0,14 7,0 0,28 7,0 0,19
7,1 7,1 0,05 7,1 0,07 7,1 0,05
7,2 7,2 0,24 7,2 0,15 7,2 0,29
7,2 7,2 0,24 7,2 0,15 7,2 0,29
7,4 7,4 0,62 7,4 0,57 7,4 0,77
7,5 7,5 0,81 7,5 0,79 7,5 1,01
7,7 7,7 1,20 7,7 1,21 7,7 1,49
7,7 7,7 1,20 7,7 1,21 7,7 1,49
18 © IS0 2021 - All rights reserved


https://standardsiso.com/api/?name=bacc522f85f39c40753be38f57472bf0

ISO 4259-4:2021(E)

Table A.3 (continued)

79 79 1,58 79 164 79 197 |= Ty pa
8,1 8,1 1,96 8,1 = Ty max
A 3,00 2,97 2,93

Beginning with T3, .., it is compared to its corresponding critical value A3 of 2,93. Since T3 ., is less
than its critical value selected from Table A.4, T, .., is compared with its critical value of 2,97, which

is also less than its critical value and therefore T; ., is checked. Since no A; is exceeded, it can be
concluded there are ng gutliersin this data set

Table A.4 — Critical A; values for n,

cycle = > 1 2 3 4
ng Critical A; Critical 4; Critical A; Critical A;
20 3,00 2,97 2,93 2,89
21 3,03 3,00 2,97 2,93
22 3,06 3,03 3,00 2,97
23 3,09 3,06 3,03 3,00
24 3,11 3,09 3,06 3,03
25 3,14 3,11 3,09 3,06
n, is the number of results prior to commencement of GESD evaluation.

Step 6) reads “Confirm the goodness-of-fit of the Normal distribution using the Anderson-Darling (AD)
statistic computed from at least 20 non-outlier results.”

The |AD statistic is represented by the symbel A2*, computed using the following:

2" = 42 [1+0'75+2'§5] (A.1)
n n

where:

i=1

—{Z(Zi—l)[ln(m J+In(1=ppyq )]}
h2 =

—n
n

p; is the cumulative probability of the standard normal deviate z;

2 :@ (A.2)
S

where

X is the average number of observations;
s isthe standard deviation of observations.

The AD calculation for the 20 observations from the run chart is illustrated in Table A.5.
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where:H=p, ;.

V= (2i-1)[In(p;)+In(1-pysq;)] (A-3)

The data in

A?2=0,328 A%* = 0,342

Table A.5 — Observations during the chart

X = /,075

s= ,522

n= 20

Original | Ordered | Index
Data Data i z_i p_i In(p_i) (n+1-i) H (1-H) In(1-H)V(2i-1) '
6,7 6,0 1 -2,059 0,020 -39255 20 0975 0,025 -3,697% 1 -7,423
7,0 6,4 2 -1,293 0,098 -2,3228 19 0943 0,057 ~2,865 3 -15,p62
6,9 6,6 3 -0910 0,181 -1,7069 18 0,884 0,116% 2,158 5 -19,B23
6,6 6,7 4 -0,718 0,236 -1,4428 17 0,884 0416~ -2,158 7 -25,p03
6,8 6,8 5 -0,527 0,299 -1,2068 16 0,792 ~0,208 -1,571 9 -25,p02
7,1 6,8 6 -0,527 0,299 -1,2068 15 0,733\ 0,267 -1,321 11 -27,809
8,1 6,8 7 -0,527 0,299 -1,2068 14 0,595 0,405 -0,903 13 -27,426
7,5 6,8 8 -0,527 0,299 -1,2068 13 0,595 0,405 -0,903 15  -31,p46
6,8 6,9 9 -0,335 0,369 -0,9977 12 0,519 0481 -0,732 17 -29,407
7,7 6,9 10 |-0,335 0,369 -09977 11 0,443 0,557 -0,585 19 -30,071
6,4 7,0 11 | -0,144 0,443 -0,814% 10 0,369 0,631 -0,460 21 -26,/64
7,2 71 12 0,048 0,519 -0,6557 9 0,369 0,631 -0,460 23 -25,p60
6,8 7,2 13 0,239 0,595 <0)5198 8 0,299 0,701 -0,355 25  -21,B883
6,0 7,2 14 0,239 0,595\ =0,5198 7 0,299 0,701 -0,355 27  -23,p33
7,7 7,4 15 0,623 0733 -0,3103 6 0,299 0,701 -0,355 29 -19,808
7,2 7,5 16 0,814, 6,792 -0,2329 5 0,299 0,701 -0,355 31  -18,p40
6,9 7,7 17 1,194~ 0,884 -0,1228 4 0,236 0,764 -0,270 33 -12,p48
6,8 7,7 18 5197 0,884 -0,1228 3 0,181 0,819 -0,200 35  -11,B06
74 79 19 1,580 0943 -0,0587 2 0,098 0902 -0,103 37 -5,988
79 8,1 20 1,964 0975 -0,0251 1 0,020 0980 -0,020 39 -1,156
-XV/n 20,328

Step 7) reads: “Compute the average (X s,q01) and standard deviation (sy,qe1) Statistics using the non-
rejected results from 5) for the new batch of QC material”.

X stage1 = 7,075 computed from run chart observations

Sstage1 = 0,522 computed from run chart observations
dﬁsstagel = Ngrage1 ~ 1=20-1=19

Step 8) is as follows: “If X ;.1 is Within the working range (see 4.3.3.2, Scenario 2) associated with a
known standard deviation (sy,,,,,) for this type of QC material, ...”

The sy ,wn for this type of QC material accrued from previous control charts is:
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= 0,623; working range: X from 7,132 to 7,305; MRy,,oun = 0487 dfinown = 75

Sknown
1,5(S0un) = 0,935

The total range spanned by X
proceed to determine if s
procedure in Annex B.

1 + the working range for sy, ;0 15 (7,305 - 7,075) = 0,23 < 1,5(Sknown)

stage
is statistically indistinguishable from s, .., following the F-test

stagel

F=(0,623/0,522)2 = 1,424
F..=224

Sincg 1,424 is less than 2,30, conclude sy, is statistically indistinguishable from sy, &y, 4. Since it is
desifed to use a more reliable s, proceed to compute s ,; by following the technique lin [Annex B as

follojws: pee

2 2
(df—sknown )(Sknown ) +(df—sstage1 )(Sstagel )
(df—sknown +df—sstage1)

= (75%(0,623)2 + 19%(0,522)2)/ (75 + 19)

pooled variance =

(A4)

= \/pooled variance = 0,604 and this pooled sigma shall be used'as s

Spool chart-

df;s; ool = df—sknown + df—sstagel =75+19=94

Step] 9): “Create the I-Chart for this batch of QC by assigring x ., ,.; from step 7) above as x|, . .. for this
stepf then, overlaying the centre line represented by.Xy, ... and the two action limits repfesented by
X chake £ 3*Sehare ONto the run chart in step 3) above.lf the EWMA sensitivity enhancement strategy is
used, construct and plot the EWMA line with its associated action limits placed at X .y,  1}5-5,,,+ and
overjlay them onto the run chart as well. See Figure A.3.

char char
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Y
9,5
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8,9 e

a
8,3 3

N B
7,7 1 ® if

6,5 ® 5 o
D| ] e e e e o o — —— — — o o s e e o e
5,9 ®
a 6
5,3 -
o 14 2 3 4 5 6 7 8 9 10 11 12 13 14 15\ 16 17 18 19 20 X
Key
X obsdrvations 3 UCL_EWMA (value at 7,98)
Y sequence of testing 4 mean ()
o test fesult (X) 5 LCL_EWMA (value at 6;17)
EWNA 6 LCL_X (value at 5,26)
UCLJX (value at 8,89)
a Zong A.
b Zong B.
¢ Zong C.

Figure A.3 —d.chart generated (X = 7,075,s5=0,604)

Step 10): Label the zones in the [=chart as follows:

+1s

Zone C: X . * (exclusive)

chart

Zone B: X 4. + 1 5,4 (f€lUsive) to 2 sy, (exclusive); X 4.0¢ = 1 Scpart (inclusive) to = 2 s, (exclupive)

Zone A:X g4t 25

«

oyt (inclusive) to 3 5.y, (exclusive); X are = 2 Schare (inclusive) to - 3 s, (exclupive)

The values for_¢onstruction of the I-chart parameters are: X .,,... = 7,075 s.....= 0,604

EWMA is computed as follows: EWMA, = AX, + (1 - )EWMA, ,

where: A = 0,4; X, = the rth observation, EWMA, = EWMA updated using rt" observation X and EWMA,.;;
EWMA,=x

chart

Step 11): “Compute the MR results using all non-rejected results from step 5).

Step 12): “Compute the average using all MR results and designate this as MRstagel

Step 13): “If s, is used from step 8), use the weighted average MR,,q computed from MR, un

corresponding to the s, ., and Mﬁstagel as the MR, to be used to construct the MR-chart in step

14). Otherwise, use MRstagel as MRy, for this batch of QC material.”.
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MR is computed as follows: MR, = | X, - X, ; |; X, is the MR value computed upon arrival of the ry,

observation; there is no MR,
The Mﬁstagel as computed from the run chart data is 0,60

The MRy, oy associated with s, is 0,487.

Since s, is used from step 8), proceed to compute MRy
— = (df—sknown )(MRknown )+(df—sstage1 )(MRstagel )
MR g = =0,51
(df—sknnwn +df—5<mgp1 )
Step 14): “Create the MR-Chart by overlaying the lines represented by Mf"chart and upperdontrol limit
at 3,R7 x Mﬁchart onto a run chart plot of all the MR values computed in step 11)”. See Eigurg A.4.
Y] 1
14 -
1,4
0,6
0 T T T T T T T
0 1 12 13 14 15 16 17
Key
X  |observations upper line 1 UCL_I\T? =327 MR
Y [MR dashed ling* " » MR=051
triangled-line 3 MR results
Figure A.4 — MR chart generated
Table A.6 — Data for Figures A.3 and A.4
Obs. No. UCL LCL UCL LCL 1 UCL
(4 Testresult (X) | EWMA | x X X EWMA | EWMA | MR | MR | MR
1 6,7 6,93 7,08 8,89 5,26 7,98 6,17 I
2 7,0 6,96 7,08 8,89 5,26 7,98 6,17 0,3 0,51 1,67
3 6,9 6,93 7,08 8,89 5,26 7,98 6,17 0,1 0,51 1,67
4 6,6 6,80 7,08 | 889 | 5,26 7,98 6,17 0,3 | 0,51 1,67
5 6,8 6,80 7,08 | 889 | 5,26 7,98 6,17 0,2 | 0,51 1,67
6 7,1 6,92 7,08 8,89 5,26 7,98 6,17 0,3 0,51 1,67
7 8,1 7,39 7,08 8,89 5,26 7,98 6,17 1,0 0,51 1,67
8 7,5 7,44 7,08 | 889 | 5,26 7,98 6,17 0,6 | 0,51 1,67
9 6,8 7,18 7,08 | 889 | 5,26 7,98 6,17 0,7 | 0,51 1,67
10 7,7 7,39 7,08 | 889 | 5,26 7,98 6,17 09 | 0,51 1,67
©1S0 2021 - All rights reserved 23


https://standardsiso.com/api/?name=bacc522f85f39c40753be38f57472bf0

ISO 4259-4:2021(E)

Table A.6 (continued)
Obs. No. UCL LCL UCL LCL o UCL
) Testresult(X) | EWMA | X X X EWMA | EWMA | MR | MR | MR
11 6,4 6,99 7,08 8,89 5,26 7,98 6,17 1,3 0,51 1,67
12 7,2 7,08 7,08 8,89 5,26 7,98 6,17 0,8 0,51 1,67
13 6,8 6,97 7,08 8,89 5,26 7,98 6,17 0,4 0,51 1,67
14 6,0 6,58 7,08 8,89 5,26 7,98 6,17 0,8 0,51 1,67
15 7,7 7,03 7,08 8,89 5,26 7,98 6,17 1,7 0,51 1,67
16 72 710 708 | 889 | 526 798 617 05 | 051 | 167
17 6,9 7,02 7,08 8,89 5,26 7,98 6,17 0,3 0,51 1167
18 6,8 6,93 7,08 8,89 5,26 7,98 6,17 0,1 0,51 1167
19 7,4 7,12 7,08 8,89 5,26 7,98 6,17 0,6 0,51 1467
20 7,9 7,43 7,08 8,89 5,26 7,98 6,17 05 0,51 1467
Step 15): ":[ all of the in-statistical-control conditions (see 4.2.4) are met, proceed to Stage 2.”
Since all conpditions in 4.2.4 are met, these charts are deployed for Stage 2. Note that the single MR result

exceeding (

A.2 Mair

A.2.1 Sce

Combining
(i.e.:an acti

See Figure
anddf s=9

itenance (see 4.3.3.2)

nario 1 (see 4.3.3.2.2)

5lightly) the chart control limit does not constitute an out-of-statistical-control situatioh.

hew accrued in-statistical-control QC results«while the control chart is in Operation mode
ve control chart) for the same batch of contr@l sample.

A.5 for how the second stage would thenlook. Where in the first stage X = 7,075, s = 0,604
4, the new data are now: X = 7,185, s°=-0,531 and df_s = 19.

24
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a | P
8,3 2 !
bl - — _A_/_ _’ ______________ :_ e e e
7,7 . o d
c 3//\/\ N <@ P N4 PG
71 PN ° o L9 Ry
, —F e~ X ~— A 7—
c PS ‘\/ o | o ® o N o \V
& |
6,5 ¢ 4 < :
bl - — _A_/_ _______________ : __________ : ________ ‘__ —
59 & |
a 5 !
5,3 e :
|
4P7 T T T T T T T T T T T T T T T T T T T T T T T T T T T ] I T T T T T T T T T T
0o 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 3 38 40 X
Key
X observations 2 UCL_EWMA (valug)at’7,98)
Y sequence of testing 3 mean (X)
o test result (X) 4 LCL_EWMA(value at 6,17)
1 UCL_X (value at 8,89) 5 LCL_X (value at 5,26)
Zone A.
b Zone B.
¢ Zone C.
d Stage 1 - setup data.
e Stage 2 - new data.
Figure A.5 — I chart stage 2 generated
F-tegt to validate “remdimunchanged” assumption for s:
F= [0,6 / 0;53]2 = 1,28, FCTit.(0,05, 94, 19) = 2,22, not Significant.
Althpugh the-approximate F-test is conducted at the 95 % (0,05) probability level (two| sided), the
critifal F values come from the 97,5 % (0,025) percentiles of the F-statistic.
Spool| 79,592 (see Annex B for detailed methodology on pooling).

t-test to validate “remain unchanged” assumption for X
t=1719-7,08] /0,093 = 1,18; t (025,38) = 2,02; not significant

Re-compute control chart parameters using all accrued data by repeating steps 7 to 14 in 4.3.2 as
follows:

X = average of all data = 7,13

Schart from conclusion of Stage 1 = 0,604; df_s ..« = 94

Snew data = 0'531; dfnew data — 19
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updated s = 0,592, computed from pooling of s with s from conclusion of Stage 1

new data chart

MR =0,53

newdata

MR,y from conclusion of Stage 1 is 0,51

updated MR, = {(19)(0,53) + (94)(0,51)} / (113) = 0,51 (rounded to 0,01).

See Figures A.6 and A.7 for the newly generated charts. In Figure A.6, the updated limits recomputed
from all in-control data are given by the arrows. In Figure A.7, the lines indicate the new computed
UCL_MR (1)land MR (2). Data for Figure A.6 and A.7 (3) are given in Table A.7.

Y
9,5
d
8,9 !
~1 i
a ® |
8,3 2 5
|
I D S e -
7,7 < ¢ !
. 3 7\/ ¢ $ ® o ¢
71 z PN 2 o 2 00/\‘7/\ ol
‘¢ " o o °% M o N ¥ N
6,5 ® 4 !
’ °
I D o ______ I -
<o
5,9 i
. 5 l
5,3 el !
|
4,7 T T T T T T T T T T T T T T T T T il T T T T T T T T T T T T T T T T T T T T '; T T T
0 2|4 6 8 10 12 14 16 18)20 22 24 26 28 30 32 34 36 38 40 42 44 X
Key
X obsdrvations 2 UCL_EWMA (value at 7,98 to 8,02)
Y sequence of testing 3 mean (X)
° test fesult (X) 4 LCL_EWMA (value at 6,17 to 6,24)
1 UCLJX (value at 8,89.t08,91) 5 LCL_X (value at 5,26 to 5,35)
a Zong A.
b Zong B.
¢ Zong C.
d Reviped limit applies to chart.
Figure A.6 — I chart stage 2 generated
Table A.7 — Data for Figures A.6 and A.7
Obs.No. Testresult UCL LCL UCL LCL o UCL
0 X) EWMA % X X EWMA EWMA MR MR MR
1 6,7 6,93 7,08 8,89 5,26 798 6,17
2 7 6,96 7,08 8,89 5,26 798 6,17 0,3 0,51 1,67
3 6,9 6,93 7,08 8,89 5,26 798 6,17 0,1 0,51 1,67
4 6,6 6,80 7,08 8,89 5,26 7,98 6,17 0,3 0,51 1,67
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Table A.7 (continued)
Obs. No. Testresult UCL LCL UCL LCL o UCL
) (X) EWMA X X X EWMA EWMA MR MR MR

5 6,8 6,80 7,08 8,89 5,26 7,98 6,17 0,2 0,51 1,67

6 7,1 6,92 7,08 8,89 5,26 7,98 6,17 0,3 0,51 1,67

7 8,1 7,39 7,08 8,89 5,26 798 6,17 1 0,51 1,67

8 7,5 7,44 7,08 8,89 5,26 7,98 6,17 0,6 0,51 1,67

9 6,8 7,18 7,08 8,89 5,26 7,98 6,17 0,7 0,51 1,67
10 77 739 708 8 89 526 798 617 09 051 1,67
11 6,4 6,99 7,08 8,89 5,26 7,98 6,17 1,3 0,p1 1,67
12 7,2 7,08 7,08 8,89 5,26 798 6,17 0,8 0,p1 1,67
13 6,8 6,97 7,08 8,89 5,26 7,98 6,17 04 0,p1 1,67
14 6,0 6,58 7,08 8,89 5,26 7,98 6,17 0,8 0,p1 1,67
15 7,7 7,03 7,08 8,89 5,26 7,98 6,17 1,7 0,p1 1,67
16 7,2 7,10 7,08 8,89 5,26 7,98 6,17 0,5 0,p1 1,67
17 6,9 7,02 7,08 8,89 5,26 798 6,17 0,3 0,p1 1,67
18 6,8 6,93 7,08 8,89 5,26 7,98 6,17 0,1 0,p1 1,67
19 7,4 7,12 7,08 8,89 5,26 7,98 6,17 0,6 0,p1 1,67
20 79 7,43 7,08 8,89 5,26 7,98 6,17 0,5 0,p1 1,67
21 7,2 7,34 7,08 8,89 5,26 798 6,17 0,7 0,p1 1,67
22 6,9 7,16 7,08 8,89 5,26 7,98 6,17 0,3 0,p1 1,67
23 8,5 7,70 7,08 8,89 5,26 7,98 6,17 1,6 0,p1 1,67
24 8,0 7,82 7,08 8,89 5,26 7,98 6,17 0,5 0,p1 1,67
25 7,5 7,69 7,08 8,89 5,26 7,98 6,17 0,5 0,p1 1,67
26 6,9 7,37 7,08 8,89 5,26 798 6,17 0,6 0,p1 1,67
27 6,9 7,18 7,08 8,89 5,26 7,98 6,17 0 0,p1 1,67
28 71 7,15 7,08 8,89 5,26 7,98 6,17 0,2 0,p1 1,67
29 6,3 6,87 7,08 8,89 5,26 7,98 6,17 0,8 0,p1 1,67
30 7,2 6,97 7,08 8,89 5,26 7,98 6,17 09 0,p1 1,67
31 7,2 7,06 7,08 8,89 5,26 798 6,17 0 0,p1 1,67
32 7,4 7,20 7,08 8,89 5,26 7,98 6,17 0,2 0,p1 1,67
33 6,8 7,04 7,08 8,89 5,26 7,98 6,17 0,6 0,p1 1,67
34 6,9 6,98 7,08 8,89 5,26 7,98 6,17 0,1 0,p1 1,67
35 7,5 7,19 7,08 8,89 5,26 7,98 6,17 0,6 0,p1 1,67
36 7,1 7,15 7,08 8,89 5,26 798 6,17 0,4 0,p1 1,67
37 6.1 6,73 7.08 8,89 5,26 798 6,17 1 0pb1 1,67
38 71 6,88 7,08 8,89 5,26 7,98 6,17 1 0,51 1,67
39 7,5 7,13 7,08 8,89 5,26 7,98 6,17 0,4 0,51 1,67
40 7,6 7,32 7,08 8,89 5,26 7,98 6,17 0,1 0,51 1,67
41 7,13 8,91 5,35 8,02 6,24 0,51 1,67
42 7,13 8,91 5,35 8,02 6,24 0,51 1,67
43 7,13 8,91 5,35 8,02 6,24 0,51 1,67
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a Reviped limit applies to chart.
Figure A.7 — MR chartgenerated
A.2.2 Scenario 2 (see 4.3.3.2.3)

Archiving c

“When it i
operational

Sachieved M|
Designate §

Sknown

The QC batg

A final set g

X achieved

=1162; Sachieved = 0,511; Mﬁachieved = 0’565; n

bntrol charts and updating sy o i @f-Sknown: MRknown -

necessary to change the J=chart QC material, either due to run out of QC materia
reasons, compute the final achieved average X ,.i.veqr Standard deviation s, ieved
q using.all in-statistical-control data for the specific batch of QC mats

oIt

achieved » Machieve

| chieveq @S the curr€nt’s, ., and MR, pieveq as the MRy, o, associated with the cuf

for this type of QC material. Archive (retire) the control chart”.

h for this exaimiple is exhausted after the 55th result.
f statistics’is computed using all in control data for the entire chart.

=55

achieved ~

], or

, df-

rial.
rent

df—sachieved = Nachieved ~

1=54

current S, ,vn 1S Updated from 0,623 (at Stage 1 start) to s,.pjeveq = 0.511;

associated MRy, is updated from 0,487 (at Stage 1 start) to MR, jeveq = 0.565

At start of S

=0,6

Sknown

tage 1 for this archived control chart:

23 with working range: ¥ from 7,132 to 7,305; MRy ,own = 0,487 df Sipown = 75

From 4.3.3.2.3 Scenario 2:

28
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“if Sgrager for this to-be-archived control chart is obtained by pooling with an existing sy, add
X Jchieveq tO the working range asso_ciated wi_th_this latest sy, iNCrease the df sy, by adding df-
Sachieved to the df_ sy .., for the previously existing df s, ,own-

Since X, pieveq = 7,162 is within the working range for previous sy, (7132 to 7,305), the working
range of current s, .., does not need to be updated; df s, is updated by adding 54 to 75 = 129

A.3 QC Material batch change transition (see 4.4)

A.3.1 Procedure 2, Q-chart (see 4.4.3)

The formula for the Q statistic is reproduced from Case II of Reference [6]:

g,:J(r_l)((Xr_ir—l)]forrzz, 3, (A.5)
r O'O

whele

0, is the the Q statistic computed using the latest (rth) test result&:
-~ is the the chronological number for the result as it arrives in time;
K .; is the the average calculated using all past results updor-1;

00 IS Sknown fOT the new batch of QC material type.

The |Q, statistic has no associated measurement units and can be plotted on a standardisqd I- control
chant with fixed, forward looking control limits computed using ¥ = 0 and s = 1. This will bd referred to
as the Q-chart.

Conflinuing with the example above, a single test of the new batch of QC material is 7,8. An ac¢ompanying
testof a check standard with ARV =.78is 8,3. The current s, ,,,, at the nominal ARV lgvel is 0,511
(from the archived control chart). Since 8,3 is within the ARV * 1,55, /..., the new QC regult of 7,8 is
congidered to be validated.

The Q-chart for the next 19 results is shown in Figure A.8.
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